). Almost 1.3 million women in the United States have a cesarean delivery annually, with a cesarean delivery rate at 32% of all deliveries.
number of cesareans was associated with increased operative time, abdominal adhesive disease, and enterotomy, but no difference in cystotomy or blood transfusion. 6 However, in recent work in an obese cohort, the number of prior cesareans was not a significant risk factor for intraoperative injury.
7
Given the high prevalence of cesarean deliveries, maternal morbidity with both primary and repeat cesarean deliveries is of utmost importance for practicing obstetricians. Knowledge of the risk of morbidity would inform preoperative planning and may be needed to reduce and manage complications. Identifying women with the highest risk of morbidity could allow for referral to a higher level of maternal care. 8 The objective of this study was to estimate maternal morbidity for women undergoing cesarean delivery with or without labor, with the hypothesis that women undergoing higher order repeat cesareans would have increased specific operative morbidities.
Materials and Methods
This is a retrospective cohort study of all consecutive women with singleton, nonanomalous gestations admitted for delivery who underwent a cesarean delivery from 2004 to 2010. This cohort included women with or without labor to represent the entire population of women undergoing cesarean. Labor was determined if the patients' initial admission diagnosis included labor or induction. Trained research personnel extracted detailed maternal sociodemographic information, obstetric and medical history, and intrapartum and postpartum courses from the medical record. The study was conducted at a single, academic teaching hospital, and was approved by the Washington University School of Medicine, Human Research Protection Office.
Outcome measures were composite organ injury (cystotomy and/or enterotomy), hysterectomy, hemorrhage requiring blood transfusion, composite severe maternal morbidity, and composite surgical site complications. Composite severe maternal morbidity included any of the following: acute renal failure, respiratory complication, postoperative ventilation, pulmonary edema, pulmonary embolism, thromboembolism, or intensive care unit (ICU) admission. Composite surgical site complications included any of the following: wound drain placement, hematoma, seroma, skin separation, fascial dehiscence, endometritis, or utilization of home health for wound care.
Differences in baseline characteristics were estimated using analysis of variance, chi-square test, or Fisher's exact test as appropriate. Rates of morbidity were determined for women undergoing a primary, first repeat, second repeat, and third or more repeat cesareans. A one-sided Cochran-Armitage's test of trend was used to evaluate for trend with increasing cesarean deliveries. Multivariable logistic regression was used to estimate the adjusted risk estimates for each morbidity with increasing number of cesareans. Primary cesarean was used as the reference group. A sensitivity analysis was performed for women who did not labor prior to cesarean.
We included all patients meeting inclusion criteria, and no a priori sample size estimation was performed. All tests were two-sided except for the Cochran-Armitage's trend test. Test with p < 0.05 were considered significant. Statistical analyses were performed with SAS 9.4 (SAS Institute, Cary, NC) statistical software.
Results
There were 15,872 women in the total cohort, and 5,144 (32%) delivered by cesarean and were included in this analysis. Of the women delivered by cesarean, 3,113 were primary, 1,310 had one prior, 510 had two prior, and 211 had three or more prior cesareans. The mean maternal age increased with increasing number of cesareans (►Table 1). Two-thirds (64%) of the women in this cohort were African American and a similar proportion were obese (body mass index[BMI] > 30kg/m 2 ). Women undergoing a primary cesarean were more likely to have a normal BMI. Women undergoing their third or more cesarean had the highest rate of having a BMI > 40kg/m 2 .
The majority of women undergoing a primary cesarean was for fetal intolerance to labor or labor arrest. More than half of women undergoing a primary cesarean presented in labor or had an induction compared with 24.7, 9.8, and 7.1% for one prior, two prior, and three prior cesareans, respectively. The majority of repeat cesareans was elective repeats, and this indication increased with increasing number of cesareans. Cigarette smoking was associated with increasing number of cesareans. There were no differences in rates of diabetes or macrosomia.
There was an increase in composite organ injury, hysterectomy, and composite surgical site complications with increasing number of cesareans in univariate analysis (►Fig. 1). There was no difference among the groups for hemorrhage requiring transfusion and composite severe maternal morbidity. A detailed breakdown for each morbidity is shown in ►Table 2. For composite organ injury, the risk of bladder injury increased with increasing number of cesareans. The rate of bowel injury trended toward an increase; however, there were no cases in women with three or more prior cesareans. The rate of hysterectomy increased with increasing number of cesarean: 0.8, 1.53, 2.35, and 6.64% for primary, one prior, two prior, and three or more prior cesareans, respectively.
The rate of hemorrhage requiring transfusion was similar for women undergoing a primary cesarean and for one prior (1.12 vs. 1.15%). The lowest rate was in the group with two prior cesareans (0.59%) and the highest for three or more cesareans (3.32%). The overall rate of composite severe maternal morbidity was low. The rate was the highest for a primary cesarean (1.12%). Pulmonary edema was the most common severe maternal morbidity and was not different across the groups. There were no cases of pulmonary embolism. Composite surgical site complications increased with increasing number of cesareans. Drain placement for abscess or seroma was the most common wound diagnosis, and was most common among women with three or more prior cesareans (5.21%). Endometritis was the only surgical site complication which decreased with number of prior cesarean. In sensitivity analysis limited to women who did not labor prior to cesarean, the trend toward increasing organ injury and hysterectomy persisted with similar morbidity rates as in the total cohort. However, the difference in surgical site complications was not statistically significant.
Comment
We found that maternal morbidity increased with increasing number of cesarean deliveries. Women with two or more prior cesareans were at an increased risk of composite organ injury and hysterectomy at the time of cesarean. Women at the highest risk of hemorrhage requiring transfusion had three or more prior cesareans. The risk of composite surgical site complications was increased after three or more prior cesareans. Severe maternal morbidity was uncommon and not significantly different with increasing number of cesareans.
Our study highlights the significant risk of maternal morbidity with increasing number of cesareans. A study from 2006 showed that women undergoing elective repeat cesarean delivery were at an increased risk for placenta accreta, hysterectomy, organ injury, abnormal placentation, and maternal ICU admission, and their risk was directly related to the number of prior cesareans.
5 This study shed light on the significant association among placenta previa, prior cesarean, and placenta accreta. However, it was limited to only women undergoing scheduled elective repeat deliveries without labor. Another study of 250 women with two or more prior cesareans undergoing an elective repeat showed a low overall complication rate in the absence of placenta previa. This study was descriptive in nature and lacked a comparison group. 9 Another study performed in 500 women undergoing cesarean delivery evaluated maternal and neonatal morbidity and included unscheduled cesareans. 6 This study found that there was an increase in bowel injuries, but no difference in several other outcomes including: bladder injury, need for blood transfusion, and wound infection. However, it was limited by the small sample size with only 95 and 53 cases with two prior and three prior cesareans, respectively, and the rate of bowel injury in the highest number cesarean group was significantly higher than previously reported literature (18.9%).
6
Our study has several strengths. We included women undergoing a primary cesarean and those with cesarean following labor. These two groups have been excluded in prior work. We included these women to represent the entire population of women who have cesarean deliveries. Morbidity rates for all women could appropriately aid practitioners in delivery counseling. Given that a failed trial of labor has been shown to impact maternal morbidity rates, we performed a sensitivity analysis in those without labor. 10 Rates of maternal morbidity remained similar when excluding those with labor. In addition, our cohort includes a high rate of obese (64%) and morbidly obese (21%) women. Given that more than one-third of adults are obese, studies regarding perioperative complications of obese women undergoing repeat cesarean delivery are warranted.
11
Our study has limitations that should be considered. Given that the rates of severe maternal morbidity were low in our study, there is chance that we were not powered to detect differences in some maternal morbidities. The tertiary care referral center setting of the study may make our findings not necessarily generalizable to nonreferral hospitals. Also, given that our institution is an academic center where physicians in training are involved in the vast majority of cases, this study may not necessarily be generalizable to nonteaching institutions. We were also unable to account for the potential impact of individual physician skills on outcomes. Finally, information regarding intra-abdominal adhesions were not included in our study and have been found to be increased in repeat cesareans.
